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(54) Boundary-scan testing for the reduction of 
testing-induced damage 

(57) A partitioned boundary-scan interconnect test method 
for loaded printed wiring boards (PWB's) is disclosed 
which reduces testing-induced damage to electronic 
components. The method is adapted to expeditiously 
identify alt short-circuits on a PWB. The partitioned 
boundary-scan interconnect test includes four sub-tests. A 
powered shorts boundary-scan subtest searches for 
short-circuit faults between conventional nets and 
boundary-scan nets. A boundary-scan interconnect shorts 
sub-test searches for short-circuits between boundary- 
scan nets nr-ns. The boundary-scan interconnect shorts 
sub-test is optimized by testing a single driver on each neL' 
All other drivers are tested during a boundary-scan bus- 
wire sub-test. A boundary-scan in-circuit sut)-test checks 
the connectivity of boundary-scan devices in partial 
boundary-scan nets (i.e., nets having a driver or receiver 
but not both). By partitioning the boundary-scan 
interconnect test into these sub-tests, the potential for 
testing-induced damage is reduced. The drcuit being 
tested may include a plurality of IC chips U1-II6 
interconnected by nets or nodes. The test data pattern 
inputted into a scan path and read out at 110 provides 
indications of any short circuits present which are repaired 
first before proceeding to tests for open circuits. 
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An ATE system, such as the riP3070, uses a "bed-of-nails" (i.e., probes 
which directly make contact with device I/O pins from pads on the surface of the 
PWB) fixture to access tlie required nodes on a PWB. Unfortunately, the nodal 
access required by in-circuit test is often hampered by increasing circuit 
5 complexify (e.g., miniaturized components, multi-chip modules, ASIC's, etcetera) 
and increasing use of such technologies as surface mount and silicon-on-silicon. 

Hie development of boundary-scan has facilitated in-circuit testing by 
improving nodal access. Boundaiy-scan is a standardized (e.g., IEEE Standard 
1149.1 - 1990) test technique which involves devices designed with shift registers 

10 placed between each device pin and the internal logic of an TC chip. Tin's 
provides a tester with access to every input and output signal on the boundary- 
scan chip, and allows the tester to control the I/O pins independent of the core 
logic and/or to control the core logic independent of the I/O pins. 

A detailed discussion on boundary-scan is provided in IEEE Std 1149.1 - 

15 1 990, "IEEE Standard Test Access Port and Boundary-Scan Architecture," IEEE 

Standards Board and "HP Boundary-Scan Tutorial and BSDL Reference Guide," 
Hewlett-Packard Company, HP part number E1017-90001, which are 
incorporated herein by reference. 

Most relevant to the present invention is the use of boundary-scan for 

20 interconnect testing. In production testing of circuit boards, device interconnects 
(e.g., printed circuit traces) are tested prior to mounting components thereon. 
Likewise, the components are tested prior to mounting on the PWB. Once the 
components are mounted, it is desirable to re-test the interconnects. This test 
is called a boundary-scan interconnect test. 

25 Tlie boundaiy-scan interconnect test seeks to locate problems which are 

introduced during installation of the integrated circuit chips (IC's) on the PWB. 
Tlie primary faults include open-circuits, short-circuits, missing or wrong 
components, and mis-oriented (e.g., rotated 180") components. Open-circuits 
frequently result from broken pins or "cold" solder joints. Short-circuits may be 

30 caused by excess solder bridging the gap from one TC pin connection to the next. 
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An interconnect test involves testing each conductive "net" or "node" on 
the PWB to ensure that it connects tlie proper devices (e.g., input and/or output 
buffers of one or more IC chips). A "net" or "node" is defined as an 
equipotential surface formed by a physical conductor. 

5 Interconnect faults include single-net faults and multi-net faults. Single- 

net faults involve only one net and include stuck HIGH, stuck LOW and open- 
circuit faults. Multi-net faults are caused by short-circuits which connect two or 
more nets. Single-net faults are simple to detect and locate. Multi-net faults, 
however, can be difficult to diagnose. For example, two short-circuited nets can 

10 "alias" (i.e.. behave) identically to a third good net such that it is not possible to 
determine whether tlie third good net is also involved in the short-circuit. 
Similarly, it is possible for two short-circuits, each involving tvo or more nets, to 
have the identical behavior such that it is not clear whether there is one large 
short-circuit or two independent short-circuits. Tliis phenomenon is known as 

15 "confounding". 

Tlie actual outcome of a multi-net fault will depend on the type of nets 
involved. Tlie three types of nets include: simple nets, wire nets, and three-state 
nets. A simple net is driven by a single buffer/driver. A wire net is a net which 
is driven by more than one buffer/driver. A wire net may be either a wire-AND 

20 or a wire-OR net. A wire-AND net is a net having drivers which have a 
dominant LOW state. Tliat is. if two drivers arc shorted together, a LOW signal 
will dominate such that a logical AND of the signals results. A wire-OR net is 
a net having drivers which have a dominant HIGH state. Tl.at is, if two drivers 
are shorted together, a HIGH signal will dominate such that a logical OR of the 

25 signals results. A three-state net is a net which is driven by more than one three- 
state buffer/driver. 

The result of multi-net faults may be deterministic (predictable) or non- 
deterministic (non-predictable). DeterminisUc faults include OR-type shorts (i.e.. 
shorts between wire-OR nets), AND-lype shorts (i.e., shorts between wire-AND 

30 nets), and strong-driver shorts (i.e., a short between nets wherein a dominant 
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driver controls tlie state of the nets regardless of other drivers). For a more 
detailed analysis of fault diagnosis, see R Jarwala and C. W. Yau, "A New 
Framework for Analyzing Test Generation and Diagnosis Algorithms for Wiring 
Interconnects," Proceedings of International Test Conference 1989, pp. 63-70 (IEEE 
5 Order No. CH2742-5/0000/0063), which is incorporated herein by reference. 

Diagnosing these different types of interconnect faults can be difficult. A 
single test vector can detect a fault; however, it provides very little diagnostic 
information. In order to diagnose a fault condition, a plurality of test vectors are 
required. Tlie plurality of test vectors must be broadcast, captured, and then 

10 analyzed for fault diagnosis. Tlie entire boundary-scan test must be executed in 
order to provide data which can be analyzed for fault diagnosis. The actual 
length of the test will be determined by the amount of diagnosis desired. 

In performing the interconnect boundary-scan test, it is sought to use a 
test pattern which will detect a fault (i.e., an interconnect problem) and which 

15 will provide diagnostic information useful for locating the fault. A single test 
vector can detect a fault; however, it provides very little diagnostic information. 
In order to diagnose a fiiult condition, a plurality of test vectors are required. 
Tliis plurality of test vectors is called a "test pattern". Tlie entire test pattern 
must be broadcast and the resulting data captured before it can be analyzed for 

20 fault diagnosis. Tlie entire boundary-scan test must be executed in order to 
provide data which can be analyzed for fault diagnosis. 

It is desirable to provide a test pattern which will provide as complete a 
diagnosis as can be achieved through boundary-scan interconnect test. In 
addition, it is desirable to keep the test pattern as short as possible because each 

25 test vector must be serially shifted into (and out of) the boundary register one 
bit each test cycle. Unfortunately, these goals are in direct conflict such that 
brevity is often sacrificed for diagnostic capability and visa versa. 

A test pattern which has brevity as its primary concern is called a brief test 
pattern. Brief test patterns tend to provide limited diagnostics. A "counting" test 

30 pattern is an example of a brief test pattern. 
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A test pattern which is primarily concerned with diagnostic capabilities is 
called a high diagnostic test pattern. High diagnostic test patterns tend to be 
lengthy. A "walking ones" test pattern is an example of a brief test pattern. For 
an in-depth analysis of test pattern algorithms, see co-pending U.S. Pat Appl 
5 Ser. No. 07/757,162, titled "AN IMPROVED BOUNDARY-SCAN 
INTERCONNECT TEST METHOD." filed on September 10, 1991; and U.S. 
Pat. Appl Sen No. 07/794,767, titled "ENHANCED BOUNDARY-SCAN 
INTERCONNECT TEST DIAGNOSIS THROUGH UTILIZATION OF 
BOARD TOPOLOGY DATA," filed on November 19, 1991; both of which are 

10 incorporated herein by reference* 

Regardless of the test pattern used for the boundary-scan test, power must 
be applied to the circuit in order to perfonn the interconnect test. While this 
power is applied, any fault that exists on the PWB may be causing stress to one 
or more components on the PWB. Tfiis stress may damage or destroy the 

15 components. For example, a short-circuit between two pins of an IC may 
produce a low-impedance current path inside the IC chip between the positive 
logic supply voltage (VJ and ground. Tliis type of fault can cause excessive 
current flow which may destroy bond wires, PWB traces, transistors, etcetera, on 
the IC chip* 

20 The type of fault which is most h'kely to cause component damage is a 

short-circuit An open-circuit fault rarely poses a damage concern. Damage 
normally results from excessive current flow through a conductor or other 
electi'ical device (e.g., a transistor) which causes excessive heat build-up due to 
excessive power dissipation (i.e., I^R losses). The amount of heat built-up is a 

25 function of the lengtli of time that energy is delivered to the device. Tliat is, the 
longer power is applied to the faulted circuit, the greater is the risk of damage. 
Tlius, in order to reduce the likelihood of damage, it is desirable to test a PWB 
as quickly as possible so that the total ehipsed time from power-up to power- 
down is small enough to prevent component damage, However, as discussed 
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above, the length of a test is directly related to its diagnostic capabilities, and a 
certain level of diagnosis must be maintained. 

Thus, standard boundary-scan testing methodologies tend to be relatively 
long such that component damage may occur far prior to completion of the test, 
5 Further, the standard tests are not capable of indicating a fault until after 
diagnosis has been performed. Tins means that it is not possible to stop the test 
during execution if a short-circuit condition is present, because the short-circuit 
cannot be identified and located until after the test is completed. 

Summary of the Tnvention 

10 The invention is a partitioned boundary-scan interconnect test method for 

testing loaded printed wiring boards (PWB's). The method reduces testing- 
induced damage to electronic components. Tlxis is accomplished by a method 
which focuses on expeditiously locating short-circuits. 

Wlien a PWB is first powered-up, the risk of damage to components from 

15 a short-circuit fault is high. Tlie longer that the PWB remains powered, the 
higher is the risk of component damage (if a short-circuit is present). Thus, it 
is desirable to test for sliort-circuit conditions first, and to quickly eliminate such 
high risk faults. Other faults (e.g., open-circuit faults) can be tested for at a 
more leisurely pace. Tlie method of the present invention accomplishes this 

20 through a boundary-scan test which has been partitioned into four sub-tests. 

A POWERED SHORTS BOUNDARY-SCAN SUB-TEST searches for 
shoit-circuit faults between conventional nets and boundary-scan nets. A 
BOUNDARY-SCAN INTERCONNECT SHORTS SUB-TEST searches for 
short-circuits behveen boundaiy-scan nets. TIte BOUNDARY-SCAN 

25 INTERCONNECT SHORTS SUB-TEST is optimized by testing a single driver 
on each net. All other drivers are tested during a BOUNDARY-SCAN BUS- 
WIRE SUB-TEST. A BOUNDARY-SCAN IN-CIRCUIT SUB-TEST checks 
the connectivity of partial boundaiy-scan nets (i.e., nets having a driver or 
receiver but not both). 
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By partitioning the boundary-scan interconnect test into these sub-tests, 
tlie potential for testing-induced damage is greatly reduced. The POWERED 
SHORTS BOUNDARY-SCAN SUB-TEST and the BOUNDARY-SCAN 
INTERCONNECT SHORTS SUB-TEST are executed first since each is 
5 optimized for locating short-circuit faults. Each can be executed in a fraction of 
the time required to execute a standard boundary-scan interconnect test. 

The BOUNDARY-SCAN BUS-WIRE SUB-TEST and the BOUNDARY- 
SCAN IN-CIRCUIT SUB-TEST are directed to finding open-circuit faults. 
Thus, these ^vo sub-tests are not time critical and may be executed last. 
10 Tlie foregoing and other objects, features and advantages of the invention 

will be apparent from the following more particular description of a preferred 
embodiment of the invention, as illustrated in the accompanying drawings. 

Brief Description of the Drawings 

FIG. 1 is a diagram illustrating the structure of a typical boundary-scan 

15 device. 

FIG. 2 is a schematic diagram of a sample circuit used to illustrate 
boundaiy-scan testing. 

FIG. 3 is a flow chart showing the steps involved in performing a 
boundary-scan test. 

20 FIG. 4 is a flow-chart illustrating a complete test for a loaded PWB. 

FIG. 5 is a flow chart of the partitioned boundaiy-scan interconnect test 
of the present invention. 
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Description of the Preferred Embodiment 

Tlie present invention is a method for performing a boundary-scan 
interconnect test in which the potential for testing-induced component damage 
is greatly reduced. Tlie invention is now described with reference to tlie figures, 
5 where like reference numbers indicate like elements. 

A boundary-scan TC chip 100 is shown in Figure 1. A boundary register 
102 is formed from a plurality of boundary register cells 104. Each cell 104 is 
disposed between an I/O (input/output) terminal 106(a)-(b) and the internal logic 
108 of chip 100. As a matter of convention, input terminals 106(a) are shown on 
10 the left-hand side of chip 100, and output terminals 106(b) are shown on the 
right-hand side of chip 100. Some of the I/O terminals may be bidirectional. 
Bidirectional pins may be fixed as either an input or an output for the duration 
of the test. 

A scanpath or scanchain 110 is formed through boundary register 102, An 
15 IDCODB (i.e., identification) register 112, a bypass register 114, and an 
instniction register 116 are also included in chip 100. IDCODE register 112 
provides identification data for chip 100. Bypass register 114 is a one-bit register 
which allows boundary register 102 to be bypassed. Instruction register 116 
decodes instruction bits which are used to select test mode and also to control 
20 the operational mode of the chip during test. 

A test access port (TAP) controller 118 is a state machine which controls 
boundary register 102. Five I/O terminals have been added to chip 100 to 
accommodate boundary-scan. These five terminals constitute the test access port 
(TAP). A TDI (test data in) terminal provides serial test data and instruction 
25 bits to scanpath 110. A TDO (test data out) terminal provides serial output for 
scanpath 110. A TCK (test clock) terminal provides an independent test clock 
to chip 100. A TMS (test mode select) terminal provides the logic levels needed 
to change the state of TAP controller 118. A TRST (test rest) terminal is used 
to reset chip 100. The TRST terminal, shown in phantom, is optional. 
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A sample circuit 200 to be tested is shown in Figure 2. Circuit 200 
includes six interconnected ICs U1-U6. Boundary register cells 104 are shown 
in each IC. Following convention, input cells are shown on the left-hand side of 
each IC. and output cells are shown on the right-hand side of each IC. Each pin 
of each IC is numbered consecutively from the lower left-hand corner and is 
referenced by that number along with the IC reference number. For example. 

Ul-3 refers to pin 3 of Ul. 

A scanpath 110 is shown connecUng register cells 104 of ICs U1-U6. 
Cells 104 in scanpath 110 fomi the boundary register (102 in Figure 1). A net 
n, connects Ul-4 to U4-3. A net n, connects Ul-5 to W-2 and U5-4. A net n, 
connects Ul-6 and U2-5 to U5-2. A net n, connects U2-4 to U4-1 and U5-3. 
A net connects U2-6 to U5-1. A net n« connects U3-4 to U6-3. A net n, 
connects U3-5 to U6-1. A net n, connects U3-6 to U6-2. 

Tlie method of boundary-scan interconnect testing circuit 200 is shown in 
15 Figure 3. At step 302, a test vector (i.e.. test data) is serially shifted into 
boundary register 102. At step 304, the test vector is broadcast from appropriate 
output buffers (drivers) over the corresponding nets to receiving input buffers. 
Tlie broadcast data is then captured into the receiving register cells at step 306. 
Tlie captured test data is shifted out of boundary register 102 at step 308. 
20 Finally, the captured test data is compared to the broadcast test data at step 310. 
Differences in the captured and broadcast data indicate a fault. Because the 
captured test data contains information on the condition of the net over which 
it was broadcast, it is also called a "net signature" herein. 

A complete lest method 400 for a fully assembled PWB is shown in Figure 
25 4. In a first step 402, an unpowered short-circuit test is conducted. By 
"unpowered", it is meant that power is not applied to the components on the 
PWB. Each net which can be accessed by a test probe of the ATE is tested to 
assure that it remains electrically isolated from adjacent nets. It is an object of 
this step to test for short-circuits between any nets to which the tester has access. 
30 Because power is not applied to the PWB during execution of this test, the 
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potential for damaging a component is substantially reduced. Tlius, it is 
desirable to test as many nets as possible in this manner. 

If, at step 403, a short-circuit is detected during the unpowered short- 
circuit test of step 402, then testing is stopped at step 405 until a repair can be 
5 made. Tliis prevents the short-circuit from causing damage when the PWB is 
later powered-up (i.e., power is applied). Tlie short-circuit fault is diagnosed at 
a step 407 and the repair is made at a step 409. Tliereafter, testing will resume 
at step 402. 

At a step 404, an unpowered analog test is performed. This step tests all 

10 analog components, which can be accessed by a probe of the ATE, to assure 
their proper functioning. 

At a step 406, power is applied to the PWB and allowed to stabilize (i.e., 
settle). Step 408 is then performed without delay. At step 408, the standard 
boundary-scan interconnect test is conducted. If, at step 410, any short-circuits 

15 were detected during the boundary-scan interconnect test of step 408, then 
testing is stopped at step 405 until a repair can be made. Tlie short-circuit fault 
is diagnosed at a step 407 and the repair is made at a step 409, Tliereafter, 
testing will resume at step 402. 

If no short-circuits are found at step 408, then special boundary-scan tests, 

20 if required, are performed at step 412. By "special boundary-scan test", it is 
meant any test which is custom designed for a particular PWB and which uses 
the boundary-scan test hardware and methodology. For example, certain 
integrated circuit chips on the PWB may have built-in self-test features which 
require that bits be shifted in or out of the chip via the scanpath. Such self-tests 

25 can perform very detailed diagnostics with a minimum of input from the 
scanpath. 

At step 414, the PWB is reset by cycling the power OFF and then ON 
again. Tlie PWB is then ready for conventional digital testing, which is 
performed at step 416. For example, an edge-connector type functional test may 
30 be performed. 
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After completion of the conventional digital testing at step 416, any 
special tests, if desired, are conducted at step 418. Testing is then terminated at 
step 420. 

It is at step 408 that the majority of interconnect test fault detection and 
5 diagnosis is performed. Accordingly, step 408 tends to be a lengthy test such that 
the majority of testing induced component damage occurs during that test. 

Tlie invention, which is performed at step 408, is a "partitioned" boundary- 
scan interconnect test method. By "partitioned", it is meant that the boundary- 
scan interconnect test is separated into a plurality of discreet sub-tests, each of 
10 which is much shorter in duration than the standard boundary-scan interconnect 
test (discussed above). Hie partitioned boundary-scan interconnect test provides 
a greatly reduced potential for component damage while maintaining high 
diagnostic capabilities. 

Partitioning reduces testing-induced component damage in two ways. 
15 First, until all dangerous short-circuit conditions have been eliminated, test time 
is not wasted diagnosing more benign faults (e.g., open-circuits). Second, 
diagnosing the test data from each sub-test is greatly simplified such that faults 
are easier to locate. Tliis means that simpler test patterns can be used. 

Tlie partitioned boundary-scan interconnect test of the present invention 
20 includes the following four sub-tests: 

1. POWERED SHORTS BOUNDARY-SCAN SUB-TEST, 

2. BOUNDARY-SCAN INTERCONNECT SHORTS SUB-TEST, 

3. BOUNDARY-SCAN BUS WIRE SUB-TEST, and 

4. BOUNDARY-SCAN IN-CIRCUIT SUB-TEST. 

25 Tests (1) and (2) are directed to detecting and diagnosing short-circuit faults. 
Tests (3) and (4) are directed to finding open-circuit faults. 
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1. POWHRED SHORTS DOUNPARY-SCAN SUB-TEST 

TIiePOWERED SHORTS BOUNDARY-SCAN SUB-TEST (hereinafter 
referred to as the "POWERED SHORTS SUB-TEST' for ease of discussion) is 
adapted to locate short-circuits which may occur in a "mixed circuit". A "mixed 
circuit" is a circuit which contains both conventional circuit elements and 
boundary-scan elements. Tlie presence of conventional circuit elements (i.e., non 
boundary-scan devices) leads to "conventional nets". A "conventional net" is a 
net which can only be accessed using a test probe of the ATE and cannot be 
accessed via boundaiy-scan. A net which can be accessed via boundaiy-scan is 
called a "boundary-scan net". 

Testing of a mixed circuit presents an additional problem to the test 
programmer because tlie presence of the non-boundary-scan elements may 
compromise the standard boundaiy-scan test (liereinafter referred to as the 
"standard test" for ease of discussion). Tliat is, a short-circuit between a 
conventional net and a boundaiy-scan net will often cause the boundary-scan net 
to have the wrong logic value. However, tlie results of the fault may not be 
repeatable since the conventional net is powered ON so that its state is not 
predictable. Further, the boundaiy-scan net may be able to overdrive (i.e., force 
to a similar logic state) the conventional net, especially when the conventional 
net is a high impedance net. When this happens, the short-circuit will not be 
detected by the standard test. 

Tlie POWERED SHORTS SUB-TEST is designed specifically to locate 
short-circuits between boundary-scan nets and conventional nets on a PWB. A 
test probe of the ATE is used to set the value of the conventional net when the 
sub-test is run so Uiat the boundary-scan net will feel the influence of tlie value 
forced on tlie conventional net by the test probe, if the nets are short-circuited 
together. Tlie conventional net is driven "hard". By "hard", it is meant that the 
test probe provides sufficient current source/sink capabilities so that a short- 
circuited boundary-scan node would not be capable of overdriving the logic value 
on the conventional net. 
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A more detailed discussion on boundaiy-scan testing of mixed circuits is 
provided in G. Robinson and J. Deshayes, "Interconnect Testing of Boards with 
Partial Boundary Scan." 1990 International Test Conference, Paper 27.3, pp. 572- 
581, IEEE Order No. CH2910-6/0000/0472$01.00, 1990; and in co-pending U.S. 
5 Pat. Appl. No. 07/817,014. entitled "POWERED TESTING OF MIXED 
CONVENTIONAL/BOUNDARY-SCAN LOGIC, filed January 3, 1992, both of 
which are incorporated herein by reference. 

In sum, it is an object of the POWERED SHORTS SUB-TEST to quickly 
find short-circuit faults between boundary-scan nets and conventional nets. 

10 Further, it is useful for detecting a short-circuit to a conventional net which is 
normally not driven hard enough to interfere with a boundary-scan net Note, 
however, that the POWERED SHORTS SUB-TEST tends to be lengthy such 
that it may be desirable to skip this sub-test in certain circumstances, such as, 
where the sub-test is considered too risky for certain critical components. If the 

15 sub-test is skipped, then short-circuit faults between these two types of nets may 
be difficult to detect 

Tlie POWERED SHORTS BOUND ARY-SCAN SUB-TEST includes the 
following steps. First, a conventional net is selected for test It may be selected 
based on its radial proximity to a boundary-scan net or based on other criteria 

20 which makes it a likely location for the occurrence of a short-circuit Tlie 
selected conventional net is then contacted with a tester probe and driven to a 
predetermined logic value. Tliereafter, the sub-test proceeds substantially as 
shown in Figure 3. That is, a test vector is scanned into the circuit via a 
scanpath, broadcast from the output drivers, captured by a plurality of receiving 

25 register cells, and finally, scanned out of Uie receiving register cells via the 
scanpath. Tliis method is repeated for the plurality of test vectors which make 
up the particular test pattern being used. After the entire test pattern has been 
applied to the PWB, then the power to the PWB is turned OFF, and the 
captured test vectors are analyzed to diagnose any short-circuit faults occurring 

30 between the selected conventional net and any boundary-scan nets. 
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2. RniJNDARY-SnAN TNTERCONNHCT SHORTS SUB-TEST 

Tlie BOUNDARY-SCAN INTERCONNECT SHORTS SUB-TEST 
(hereinafter referred to as the "INTERCONNECT SHORTS SUB-TEST' for 
ease of discussion) is adapted to locate short-circuits between boundary-scan 
nets. This sub-test is similar to the standard test, however, the sub-test has been 
modified to optimize it for the efficient location of short-circuits (rather than 
botli open-circuits and short-circuit as with the standard test). 

Tlie optimization involves eliminating bus wire testing from the sub-test. 
In a net which has more than one driver connected to it, the term "bus wire" 
refers to the portion of the conductive net which connects tlie drivers together. 
For example, referring to Figure 2 discussed above, note that net n, is driven by 
two drivers (Ul-6 and U2.5). The conductor which connects Ul-6 and U2-5 is 
a bus wire. 

Bus-wire testing is included in the standard test. Tlierefore, the 
INTERCONNECT SHORTS SUB-TEST is a sub-set of the standard test Tlje 
inventor has discovered, however, that bus wire testing at this stage is 
unnecessary and merely complicates and lengthens the testing. 

In order for the INTERCONNECT SHORTS SUB-TEST to efficiently 
locate short-circuits, it is not necessary for each driver in a net to be tested. 
Rather, a single driver may be used to test tlie selected net for short-circuits. 
The remaining drivers need only be tested to assure that their connection to the 
bus wire is not open-circuited. 

Accordingly, a single driver in each net is selected for use during the 
INTERCONNECT SHORTS SUB-TEST. Each selected driver is known as a 
"designated driver". Tlie other drivers (which have not been selected) will be 
added to a list of non-designated drivers. Tlie non-designated drivers will be 
tested, after completion of Uie interconnect shorts test, during the BOUNDARY- 
SCAN BUS WIRE SUB-TEST, as described below. 

In the preferred embodiment of the invention, the test pattern used for 
tlie INTERCONNECT SHORTS SUB-TEST is a modified counting sequence. 



-15- 



Tliis test pattern trades off tlie ability to diagnose aliasing for a shorter test time 
which is directed to preventing testing induced damage to components on the 
PWB. Each net identifier in the modified counting sequence includes the 
following: 

5 (a) a Jt bit counting sequence, where k - \og^ (rounded to the 

next highest integer) and TV = the number of nets on the PWB; 

(b) a ZERO or LOW bit; 

(c) a ONE or HIGH bit; and 

(d) tliree anti-aliasing bits which are the complement of the 
10 least significant three bits of the k-hii counting sequence. 

Tliis yields a Jt-bit counting sequence plus five additional bits. Tliis pattern is 
selected as a compromise solution to the problem of providing a veiy quick test 
which can still provide reasonably thorough diagnostics. While the pattern is 
directed to finding virtually all short-circuits, it will also find many open-circuits. 

15 Tlie modified counting pattern used in this sub-test can be classified as a 

"brief test pattern" since the focus of the test is on brevity rather than exhaustive 
diagnostics. One of skill in art will recognize that other test patterns may be 
used to perform the INTERCONNECT SHORTS SUB-TEST and that tlie test 
pattern set forth above is merely provided as an example of one suitable test. 

20 Tlie BOUNDARY-SCAN INTERCONNECT SHORTS SUB-TEST 

includes the following steps. First, a single driver is selected or designated for 
each boundary-scan net. This driver will be used during the sub-test All other 
drivers on the boundary-scan nets are disabled. Enabling/disabling of drivers is 
performed via the boundary register control cells of the boundary-scan 

25 components. Tliereafter, the sub-test proceeds substantially as shown in Figure 
3, Tliat is, a test vector is scanned into the circuit via a scanpath, broadcast from 
the designated output drivers, captured by a plurality of receiving register cells, 
and finally, scanned out of the receiving register cells via the scanpath. Tliis 
method is repeated for the plurality of test vectors which make up the particular 
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lest pattern being used. After the entire test pattern has been applied to the 
PWB, then the power to the PWB is turned OFF, and the captured test vectors 
are analyzed to diagnose any short-circuit faults occurring between the boundaiy- 
scan nets. 

5 3. ^DTINDARY-SnAN BUS W mK SUB-TEST 

Tlie BOUNDARY-SCAN BUS WIRE SUB-TEST (hereinafter referred 
to as the "BUS WIRE SUB TEST* for ease of reference) is directed to testing 
whether all untested bus drivers are connected to the bus wire. Tliis test is run 
after completion of the INTERCONNECT SHORTS SUB-TEST. Tiie 

10 INTERCONNECT SHORTS SUB-TEST will prove that no short-circuits exist 
on the PWB. Tliereafter, the BUS WIRE SUB-TEST may be run without fear 
of causing testing induced damage. 

As described above, a single driver is selected to drive a net for the 
INTERCONNECT SHORTS SUB-TEST. Tlius, one driver (the one designated) 

15 from each boundaiy-scan net will be tested during that test. Tljereafter. all 
remaining, non-designated drivers must be tested to assure that all bus wires are 
connected properly. Since the potential for short-circuits has been eliminated, 
the fault, which must be tested for, is the open-circuit fault. 

The BUS WIRE SUB-TEST can testall non-designated drivers in parallel. 

20 Tlie number of test vectors required for the test is equal to two limes the largest 
number of drivers in any net to be tested. The factor of two accounts for the 
fact that each driver will drive both a HIGH and a LOW onto the net during the 
test. 

Because the sub-test must only check for open-circuits, the diagnostics are 
25 simple. However, execution of tlie test may be lengthy since bus nets may have 
a large number of drivers. The benefit of tliis sub-test is realized in the 
INTERCONNECT SHORTS SUB-TEST. Because bus wires are not tested 
during the INTERCONNECT SHORTS SUB-TEST, a substantial tune savings 
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is acliieved over tlie standard test which incorporates the testing of bus wires into 
a standard, sequentially executed, boundary-scan interconnect test. 

Tlie BOUNDARY-SCAN BUS WIRE SUB-TEST includes tlie following 
steps. For each boundary-scan net having a plurality of drivers, a driver which 
was not tested in the BOUNDARY-SCAN INTERCONNECT SHORTS TEST 
is selected. All other drivers on the boundary-scan nets are disabled. A first test 
vector is then selected which will test a first logic state of each selected driven 
This first test vector is scanned into the circuit via a scanpath, broadcast from the 
designated output drivers, captured by a plurality of receiving register cells, and 
finally, scanned out of the receiving register cells via the scanpath. 

A second test vector is then selected which will test a second logic state 
of each selected driver. Tliis second test vector is scanned into the circuit via a 
scanpath, broadcast from the designated output drivers, captured by a plurality 
of receiving register cells, and finally, scanned out of the receiving register cells 
via the scanpath- Tliis method is repeated N times, where M is equal to the 
largest number of drivers on any one of the boundary-scan nets. Tliereafter, the 
plurality of captured test vectors are analyzed to diagnose any open-circuit faults 
occurring between the plurality of output drivers in each boundary-scan net. 

4. BOUNDARY-SCAN IN-CIRCUIT SUB-ITEST 

Tlie BOUNDARY-SCAN IN-CIRCUIT SUB-TCST (hereinafter referred 
to as the "IN-CIRCUIT SUB-TEST* for ease of discussion) is directed to test the 
connectivity of a boundaiy-scan device to a net on the PWB, whereas the sub- 
tests discussed above are directed to testing the /Vi/erconnectivity between 
boundary-scan devices on the PWB. Tliat is, this sub-test is performed for nets 
which are connected to a boundary-scan access driver or receiver, but not both. 
Such a net is called a "partial boundaiy-scan net". Tliese are nets for which one 
function (send or receive) of a signal transfer is supplied by a boundaiy-scan 
device while the other function must be supplied by a test probe. For example, 
a boundary-scan driver may be connected to an edge connector which routes the 
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signal off of the PWB. In order to test such a driver for connectivity, a test 
probe must interface with the edge connector to receive the transmitted signal 
Whereas the other sub-tests are executed one per PWB, the IN-CIRCUIT 
SUB-TEST is performed on tint device level or partial device level. Tliat is, this 
5 sub-test is performed one device (or part of a device) at a time. Tlie tests may 
be run in parallel (i.e., many devices at a time), however, the tester has a limited 
number of driver/receiver resources which, for a large circuit, are easily 
exhausted, Furtlier, the tests are short and may be executed quickly (i.e., 50 per 
second) such that it is normally acceptable to run the tests in series. 

10 Tlie BOUNDARY-SCAN BUS WIRE SUB-TEST includes Uie following 

steps. A partial boundary-scan net on the PWB is selected for test Tlie net is 
then contacted with a tester probe. If the partial boundary-scan net includes a 
boimdary-scan driver, then the tester probe will act as a receiver and will receive 
a test bit broadcast from the driver. If the partial boundary-scan net includes a 

15 botmdary-scan receiver, then the tester probe will act as a driver and will drive 
a test bit onto the neL In either case, two bits (testing two logic states) are 
broadcast and captured to assure a proper connection. Thereafter, the captured 
test bits are analyzed to diagnose any open-circuit faults occurring in tlie partial 
boundary-scan net 

20 Test Execution 

Tlie method 500 of the invention is illustrated in Figure 5. At a step 502, 
Uie POWERED SHORTS SUB-TEST is performed. If, at step 504, any short- 
circuits were identified at step 502, then testing is stopped at step 503. Tlie 
short-circuit fault may then be diagnosed at a step 505 and the PWB repaired at 
25 a step 507, Tliercafter, testing will resume at step 502. 

If no short-circuits where found at step 502, then the test may continue 
with step 506. At step 506, the INTERCONNECT SHORTS SUB-TEST is 
performed. If, at step 508, any short-circuits were identiGed at step 506, then 
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lestiug is stopped at step 503. Tlie short-circuit fault may then be diagnosed and 
repaired at steps 505 and 507. 

If no short-circuits where found at step 506, then the test may continue 
with step 510. At step 510, the BUS WIRE SUB-TEST is performed. Finally, 
5 at step 512, the IN-CIRCUIT SUB-TEST is performed. Testing ends at a step 
514. 

If required, a certain amount of time may be inserted between each of the 
sub-tests to allow for cooling of components on the PWB and to prevent a 
residual heat build-up. Residual heat build-up may increase the stress on 
10 components. 

Tliis partitioned boundary-scan interconnect test provides thorough 
diagnostics for a PWB. Further, the potential for testing induced damage is 
greatly reduced since each sub-test can be executed much faster than the 
standard test 

15 While the invention has been particularly shown and described with 

reference to a preferred embodiment thereof, it will be understood by those 
skilled in the art that various changes in form and details may be made therein 
without departing from the spirit and scope of the invention. 
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CLAIMS 

1. A metliod for reducing testing induced component damage during a 
boundary-scan interconnect test performed on an electronic circuit, wherein the 
circuit includes a plurality of integrated circuit chips which are electrically 
^ interconnected by a plurality of independent conductive nets, the method 
comprising the steps of: 

(a) selecting, for each boundary-scan net, a designated driver, 

(b) performing a boundaiy-scan interconnect shorts sub-test on the 
circuit using each designated driver to test the circuit for short-circuits occurring 

10 between said boundary-scan nets; and 

(c) performing a boundary-scan bus whe sub-test to test, for each 
boundaiy-scan net having a plurality of drivers, the kterconnection between each 
of said plurality of drivers. 

■^^ 2. The method of claim 1, wherein said boundaiy-scan interconnect 

shorts sub-test comprises the steps of: 

(1) serially scanning a test vector into the circuit through a scanpatli; 

(2) broadcasting said test vector from a plurality of output drivers in 
the circuit over said boundaiy-scan nets; 

20 (3) capturing said test vector into a plurality of receiving register cells 

in the circuit; 

(4) serially scanning said test vector out of the receiving register cells 
via said scanpath; 

(5) repeating steps (1) through (4) for a plurality of said test vectors; 

25 and 

(6) analyzing said plurality of captured test vectors to diagnose any 
short-circuit faults occurring between said boundary-scan nets* 

3* The method of claim 2, wherein said boundary-scan bus wire sub- 
30 test comprises the steps of: 
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(1) for each boundary-scaa net having a plurality of drivers, selecting 
a driver to be tested and disabling all other drivers on the boundary-scan nel; 

(2) serially scanning a second test vector into the circuit through a 
scanpatli to test a first logic state of each selected driver; 

(3) broadcasting said second test vector from a plurality of output 
drivers in the circuit over said boundary-scan nets; 

(4) capturing said second test vector into a plurality of receiving 
register cells in the circuit; 

(5) serially scanning said second test vector out of the receiving register 
cells via said scanpath; 

(6) serially scanning a third test vector into tlie circuit through a 
scanpath to test a second logic state of each selected driver; 

(7) broadcasting said third test vector from a plurality of output drivers 
in tlie circuit over said boundary-scan nets; 

(8) capturing said third test vector into a plurality of receiving register 
cells in the circuit; 

(9) serially scanning said third test vector out of tlie receiving register 
cells via said scanpath; 

(10) repeating steps (1) through (9) N times, where N is equal to the 
largest number of drivers on any one of said boundaiy-scan nets; and 

(11) analyzing said plurality of captured test vectors to diagnose any 
open-circuit faults occurring between said plurality of output drivers in a 
boundary-scan net 

4. Tlie method of claim 1, further comprising a step of: 
(d) before step (a), performing a powered shorts boundary-scan sub- 
test to test the circuit for short-circuits occurring between a conventional net and 
a boundary-scan net. 
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5. The method of claim 4, wherein said powered shorts boundary-scan 
sub-test comprises the steps of: 

(1) selecting a conventional net for test; 

(2) contacting said conventional net with a tester probe; 

5 (3) driving said conventional net to a predetermined logic value using 

said tester probe; 

(4) serially scanning a test vector into the circuit through a scanpath; 

(5) broadcasting said test vector from a plurality of output drivers in 
the circuit over said boundary-scan nets; 

(6) capturing said test vector into a plurality of receiving register cells 
in the circuit; 

(7) serially scanning said test vector out of tlie receiving register cells 
via said scanpath; 

(8) repeating steps (4) through (7) for a plurality of said test vectors; 

15 and 

(9) analyzing said plurality of captured test vectors to diagnose any 
short-circuit faults occurring between said conventional net and said boundaxy- 
scan nets. 

20 6. Tlie metliod of claim 4, further comprising a step of: 

(e) performing a boundary-scan in-circuit test to test the electrical 
connection between a boundary-scan circuit component and a partial boundary- 
scan net 
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7- Tlae metliod of claim 6, wherein said boundary-scan in-circuit sub- 
test comprises the steps of: 

(1) selecting a partial boundary-scan net for test, said partial boundary- 
scan net including a boundary-scan driver; 

(2) contacting said partial boundaxy-scan net with a tester probe; 

(3) serially scanning a second test vector into the circuit through a 
scanpath; 

(4) broadcasting said second test vector from said boundary-scan driver 
over said partial boundaiy-scan net; 

(5) receiving said second test vector at said tester probe; 

(6) repeating steps (3) through (5) as required; and 

(7) analyzing said second test vectors received at step (5) to diagnose 
any open-circuit faults occurring in said partial boundary-scan net 

8. Tlie method of claim 6, wherein said boundary-scan in-circuit sub- 
test comprises the steps of: 

(1) selecting a partial boundary-scan net for test, said partial boundary- 
scan net including a boundary-scan receiver; 

(2) contacting said partial boundary-scan net with a tester probe; 

(3) driving a test bit onto said partial boundary-scan net using said 
tester probe; 

(4) receiving said test bit at said boundary-scan receiver; 

(5) repeating steps (3) througli (4) as required; and 

(6) analyzing said test bits received at step (4) to diagnose any open- 
circuit faults occurring in said partial boundary-scan net. 



.24. 



9. A method for perfonning a boundary-scan interconnect test on an 
electronic circuit, comprising the steps of: 

(a) performing a powered shorts boundary-scan sub-test on the circuit 
to detect short-circuit feults occurring between conventional nets and boundary- 
scan nets in the electronic circuit; 

(b) stopping testing and repairing the electronic circuit if any short- 
circuit faults are detected in step (a); 

(c) performing a boundaiy-scan interconnect shorts sub-test to detect 
short-circuit faults occurring between boundary-scan nets in the electronic circuit; 

(d) stopping testing and repairing the electronic circuit if any short- 
circuit faults are detected in step (c); 

(e) performing a boundary-scan bus wire sub-test to detect open-circuit 
faults occurring in each boundaiy-scan net having a plurality of drivers; and 

performing a boundary-scan in-circuit sub-test to detect open-circuit 
faults in each partial boundary-scan net in the electronic circuit 

10. The method of claim 9, wherein said boundary-scan interconnect 
shorts sub-test comprises the steps of: 

(1) selecting, for each boundary-scan net, a designated driver; 

(2) serially scanning a test vector into the circuit through a scanpath; 

(3) broadcasting said test vector from a plurality of output drivers in 
the circuit over said boundary-scan nets; 

(4) capturing said test vector into a plurah'ty of receiving register cells 
in the circuit; 

(5) serially scanning said test vector out of the receiving register cells 
via said scanpath; 

(6) repeating steps (2) through (5) for a plurality of said test vectors; 

and 

(7) analyzing said plurality of captured test vectors to diagnose any 
short-circuit faults occurring between said boundaiy-scan nets. 
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IL The method of claim 10, wherein said boundary-scan bus wire sub- 
test comprises the steps of: 

(1) for each boundary-scan net having a plurality of output drivers, 
selecting a driver to be tested and disabling all other drivers on the boundary- 

5 scan net; 

(2) serially scanning a second test vector into the circuit through a 
scanpath to test a first logic state of each selected driver; 

(3) broadcasting said second test vector from a plurality of output 
drivers in the circuit over said boundary-scan nets; 

10 (4) capturing said second test vector into a plurality of receiving 

register cells in the circuit; 

(5) serially scanning said second test vector out of the receiving register 
cells via said scanpath; 

(6) serially scanning a third test vector into the circuit tlirough a 
15 scanpath to test a second logic state of each selected driver; 

(7) broadcasting said third test vector from a plurality of output drivers 
in the circuit over said boundary-scan nets; 

(8) capturing said third test vector into a plurality of receiving register 
cells in the circuit; 

20 (9) serially scanning said third test vector out of the receiving register 

cells via said scanpath; 

(10) repeating steps (1) through (9) N times, where N is equal to the 
largest number of drivers on any one of said boundary-scan nets; and 

(11) analyzing said plurality of captured third and fourth test vectors to 
25 diagnose any open-circuit faults occurring between said multiple drivers of each 

boundaiy-scan net 

12. Tlie method of claim 11, wherein said powered shorts boundary- 
scan sub-test comprises the steps of: 
3Q (1) selecting a conventional net for test; 
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(2) contacting said conventional net with a tester probe; 

(3) driving said conventional net to a predetermined logic value using 
said tester probe; 

(4) serially scanning a fifth test vector into the circuit through a 
5 scanpath; 

(5) broadcasting said fifth test vector from a plurah'ty of output drivers 
in the circuit over said boundary-scan nets; 

(6) capturing said fifth test vector into a plurality of receiving register 
cells in the circuit; 

10 0) serially scanning said fifth test vector out of the receiving register 

cells via said scanpath; 

(8) repeating steps (4) through (7) for a plurality of fifth test vectors; 

and 

(9) analyzing said plurality of captured fifth test vectors to diagnose any 
15 short-circuit faults occurring between said conventional net and said boundaiy- 

scan nets. 

13. The method of claim 12, wherein said boundaiy-scan in-circuit sub- 
test comprises the steps of: 
20 (1) selecting a partial boundary-scan net for test, said partial boundaiy- 

scan net including a boundary-scan driver; 

(2) contacting said partial boundary-scan net with a tester probe; 

(3) serially scanmng a skth test vector into the circuit through a 
scanpath; 

25 (4) broadcasting said sixth test vector from said boundary-scan driver 

over said partial boundary-scan net; 

(5) receiving said sixth test vector at said tester probe; 

(6) repeating steps (3) through (5) as required; and 

(7) analyzing said sbcth test vectors received at step (5) to diagnose any 
30 open-circuit faults occurring in said partial boundaiy-scan net. 
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14, The method of claim 12, wherein said boundary-scan in-circuit sub- 
test comprises the steps of: 

(1) selecting a partial boundary-scan net for test, said partial boundary- 
scan net including a boundary-scan receiver; 

(2) contacting said partial boundary-scan net with a tester probe; 

(3) driving a test bit onto said partial boundary-scan net using said 
tester probe; 

(4) receiving said test bit at said boundaiy-scan receiver; 

(5) repeating steps (3) through (4) as required; and 

(6) analyzing said test bits received at step (4) to diagnose any open- 
circuit faults occurring in said partial boundary-scan net 
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15, A method for performing boujidaiy-scan interconnect testing of an 
electronic circuit, wherein the electronic circuit includes a plurality of integrated 
circuit chips which are electrically interconnected by a plurality of independent 
conductive nets, the plurality of independent conductive nets including both 
single-driver nets and multi-driver nets, said method comprising the steps of: 

(a) designating a driver on each multi-driver net, each said designated 
driver to be used to test the interconnectivity of each multi-driver net; 

(b) performing a boundaiy-scan interconnect shorts test on said 
electronic circuit using a diagnostic test pattern which includes a plurality of test 
vectors and said designated drivers to detect short-circuit faults between said 
plurality of independent conductive nets; 

(c) stopping testing and repairing the electronic circuit, if any short- 
circuit faults are detected in step (b); and 

(d) performing a boundary-scan bus-wire test to test all other drivers 
on each multi-driver net for open-circuit faults. 
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